which account for about two percent of all births, are not included in the hospital data. In a sensitivity analysis, we show how robust our estimates are to the inclusion of out-of-hospital births. Our general assessment is that the hospital data are a valuable source for generating order-specific fertility rates, regardless of whether out-of-hospital births are included.
Introduction
Across Europe, we have witnessed a postponement of first-time motherhood, and an increase in the share of women who remain childless throughout their lives. Despite the obvious importance of these social changes, it is amazing to recall that, until very recently, vital statistics did not provide sufficient information to document this change in behavior.
Important demographic indicators, such as the mean age at first birth or the share of permanently childless women, were not available for countries such as Austria, Belgium, expected to ratify a regulation that stipulates that order-specific data can be collected from 2011 onwards. As a result, order-specific birth information will soon be available for most
European countries. However, we still lack order-specific fertility information for the past.
Researchers have tried to fill this gap by drawing on other sources. Order-specific fertility information has been generated from survey data (Toulemon 2001; Smallwood 2002) . Others have tried to combine survey data with vital statistics (Birg et al. 1990; Kreyenfeld 2002; Handcock et al. 2000) .
This paper contributes to existing attempts to provide order-specific birth rates for Germany by using hospital records provided by the Bundesgeschäftsstelle Qualitätssicherung (BQS) (BQS Institute for Quality and Safety). We will refer to this data as 'Perinatal Statistics' in the following. This data has primarily been used in the field of medicine, but some few demographic studies exist that used these data for analyzing birth behavior (Voigt and Hullen 2005; Birg and Flöthmann 1996) . These previous studies were, however, only able to draw on data from selected federal states, while this studies uses perinatal data for the whole of Germany. The Perinatal Statistics are part of the hospital statistics, and they include clinical records for all children who were delivered in German hospitals. To our knowledge, it is the only data source that contains information on the biological order of each birth at a population level for Germany. This paper describes how the Perinatal Statistics can be used to generate order-specific fertility rates. Furthermore, we try to assess the bias caused by the fact that outof-hospital births are not included in the hospital data. About 98 percent of all children are born in hospitals, which suggests that the bias might be small. However, out-of-hospital births differ in terms of the age of the mother and birth order, and excluding them might distort the picture. Therefore, it seems important to ask how sensitive the analyses are to the inclusion of out-of-hospital births.
We have structured the paper as follows. In Part 2, we give a detailed account of the Perinatal Statistics provided by the Bundesgeschäftsstelle Qualitätssicherung (BQS). Part 3 explains the method used to generate age-and order-specific fertility rates with this data. In addition,
we provide some initial results on order-specific fertility behavior in Germany. Part 4 provides a sensitivity analysis that also draws upon data on home births provided by the
Gesellschaft für die Qualität in der außerklinischen Geburtshilfe e.V. (QUAG). Part 5
summarizes the findings and concludes. The appendix to this paper contains most of the data that we have generated. We also plan to make the data available online in a 'German Birth While it was initially voluntary to collect this type of data, it became compulsory for the hospitals to register these data in 1995 (Bundesgeschäftsstelle Qualitätssicherung 2008: 196) .
At that time, data collection was still organized on a federal level, and no central register had been implemented. Finally, in 2001, the BQS was assigned the task of establishing a nationwide registry (Bundesgeschäftsstelle Qualitätssicherung 2008: 105f.) . Since this time, it has been mandatory for all public and private hospitals to document all births (both still and live), and make these records available to the BQS, which stores this information in a data file called Datensatz Geburtshilfe. We refer to this file as Perinatal Statistics.
Data for the Perinatal Statistics are collected by the staff of the hospital where the woman delivers the child (for the questionnaire, see Figure 6 in the appendix). These statistics represent a particularly rich source of information for medical research in the field of perinatology, since they include detailed information on the duration of, and problems experienced during each pregnancy; and on the state of health of individual newborn children.
The characteristics of a newborn, such as weight, sex and physical condition, are taken from the medical records of the child. Information on the medical background of current and previous pregnancies is copied from the pregnancy record (Mutterpass) of the mother (Jahn and Berle 1996: 132; Reime et al. 2008) . Other information (such as smoking habits) is collected by the nurses upon admission to the hospital (Voigt et al. 2006; Schneider et al. 2008 ).
The Perinatal Statistics provide a rich set of variables for medical and demographic research.
However, we should also point out some shortcomings of the data. First, the Perinatal Statistics do not include deliveries that take place at home, in birth centers, or in the offices of midwives. 2 The share of out-of-hospital deliveries is, at about two percent of all births, very low (see Table 5 ). However, the fact that these births are not included in the Perinatal
Statistics is a potential problem because women who opt for an out-of-hospital birth differ in several ways from women who choose the 'standard' path of delivering their children in the hospital. Since women only rarely choose to have their first child at home or in a birth center, out-of-hospital births are often births to older women who already have at least one child (Loytved and Wenzlaff 2007 ). We will turn to this issue again later on in a sensitivity analysis (Part 4).
2 If delivery was planned at home or at a birth center, but the woman was transferred to the hospital during the process of giving birth, the birth was entered into the Perinatal Statistics. Loytved and Wenzlaff (2007: 9) show that in roughly 12 percent of all cases in which a birth was intended to occur at home or in a birth center, the mother was transferred to a hospital. From the perspective of the Perinatal Statistics, about one percent of all deliveries in hospitals were originally expected to occur at home or in a birth center ( 
Selection of Sample
For this study, we use the Perinatal The Perinatal Statistics were assessed through remote execution by sending syntax scripts to the BQS by email.
4 There were some cases for which no year of birth was available. For these cases, the BQS applied a manual recoding method by using the year of discharge from the hospital. When the delivery and the year of discharge differed (for births that occurred end of the year), no recoding was done. These cases were omitted from our analyses. 
Variables
The variables used in our analysis are age, birth order and region. The age of the mother was generated by the Bundesgeschäftsstelle Qualitätssicherung (BQS), which delivered the data.
It was generated by subtracting the birth year of the child from the year of birth of the mother.
Age is used in single age categories. We also distinguish between Western Germany and Eastern Germany, the latter one including the city-state of Berlin. Our key variable of interest is the order of birth, which is broken down into the following categories: first-, second-, third-, fourth-and higher-order births. The order of the birth was generated by adding a one to the number of live-born children. 5 One aspect that required special attention was multiple births.
Multiple births are counted as separate children when the number of previous live-born children is assessed. However, this does not apply to the current birth. Luckily, we have information on multiple births in the data set that allowed us to account for this aspect.
6 Table 2 tabulates the distribution of births by calendar year in our final data set. The table
shows that about 50 percent were first-; 35 percent second-; 10 percent third-; and five percent fourth-and higher-order children.
5
For about 25 percent of the cases, the number of live-born children was left blank. We assumed here that these are nuliparous women. We checked this imputation strategy by drawing on additional information on prior pregnancies. For 99.9 percent of the cases, the assumption was correct.
6
We first generated a 'master table' that contained the number of all children by order, age and region. Furthermore, we generated a 'multiple birth table' that contained multiple births by order, age and region.
From the master table, we subtracted half of all multiple births of a given order. These children were then added to the next birth order. For simplicity, we assumed that all multiple births are twin births. Germany (including Berlin) and Western Germany (excluding Berlin). In order to generate fertility rates, the number of births and the base population of women are needed. Data on the number of women by age and region (Eastern and Western Germany) come from German vital statistics. A problem arises when calculating fertility rates because the Perinatal Statistics does not include all births. In order to calculate birth rates, we weighted the data of the Perinatal Statistics to match the total number of births in Germany.
We have constructed a weighting factor that considers age, year and region (Eastern and Western Germany). Let V B be the number of births in the vital statistics, P B be the number of births in the Perinatal Statistics, B be our estimated number of births, i be the order of the births, and w be the weighting factor. The weight accounts for age (a), year (t) and region (r).
It is generated by the ratio of the number of births in the vital statistics and the number of births in the Perinatal Statistics:
In the next step, the number of births by order (i), age (a), year (t) and region (r) from the Perinatal Statistics are multiplied by the weights. This gives the estimated number of births:
In order to generate age-and order-specific fertility rates, the estimated births are related to the number of woman by age, region and calendar year.
Preliminary Results on Order-Specific Fertility Behavior in Germany
It is beyond the scope of this paper to provide a comprehensive overview of Eastern and Western German fertility dynamics. However, we still seek to provide some basic demographic indicators based on the Perinatal Statistics. Table 3 displays the order-specific TFR, while Table 4 shows the mean ages at childbirth. Figures 1 and 2 graph the indicators.
Without going into the details of German fertility dynamics, we will briefly put these figures into context. The most remarkable finding for Western Germany is the change in the age at first birth. In 2001, Western German women were, on average, 27.4 years of age at first birth;
by 2008, they were 28.7 years old. Since we are considering a very short time frame of seven years, an increase of more than one year is remarkable. This finding also suggests that the trend towards postponing the first birth has not yet halted, despite the fact that West Germany was one of the countries where fertility postponement started rather early. Ages at second birth have increased to a lesser extent than ages at first birth. For higher-order births, there is basically no change over time in the mean age at childbirth. The results also showed that the order-specific TFRs did not change much between 2001 and 2008.
In Eastern Germany, we observe an increase in the age at first birth of about 1.5 years between 2001 and 2008. However, East German women are still one year younger at first birth than their counterparts in the West in 2008. East-West differences in the age at second birth are smaller, which suggests that East Germans space first and second births farther apart than West Germans. The most surprising finding for Eastern Germany is that of the strong increase in the TFR for second births. Given that second birth rates dropped radically in Eastern Germany after unification (Sackmann 1999; Huinink 2005; Kreyenfeld 2008 ), this result could represent a first indication of a recuperation of second birth rates. Compared to the pattern in Western Germany, one still needs to draw attention to the low progression ratios to the third child. During GDR-time, third and higher order birth rates were rather low (Kreyenfeld 2004) . Our investigation suggests that low progression ratios to the third child are still a characteristic of contemporary Eastern German fertility.
Please also note that the tables include indicators from the vital statistics. There are no differences between our estimates and the one from the German Statistical Office. This is not surprising since our weighting factor takes the vital statistics as a benchmark. However, it still seems worth pointing that both data sources comply with each other. Source: See Table 4 4 Sensitivity Analysis
Statistics on Out-of-Hospital Births (QUAG Statistics)
A key question for our analyses is how robust the estimated births are given the fact that the Perinatal Statistics do not include all births. In particular, the question arises of whether the results are biased because home births are not included. Until recently, no information on outof-hospital births has been available, and medical as well as epidemiological studies used only hospital births for their investigations. In 1999, however, the midwives founded the
Gesellschaft für Qualität in der außerklinischen Geburtshilfe e.V. (QUAG). The aim of
QUAG, like the BQS, is to monitor the quality of medical care. A questionnaire similar to the one used in collecting the Perinatal Statistics is conducted for out-of-hospital births.
Participation is voluntary, but about 80 percent of all out-of-hospital births are covered in this data source, which we refer to as QUAG Statistics in the following (Loytved 2009a: 6) .
Because the questionnaire is almost the same as the one used in the Perinatal Statistics, the two sources can be combined in a straightforward manner. Variables could also be generated in a manner similar to the one employed for the Perinatal Statistics.
An essential quality indicator for the QUAG Statistics is how many of all out-of-hospital births are included in the data set. There are no official numbers available on the total number of out-of-hospital births. However, there is rough information on the number of hospital births given by the Gesundheitsberichterstattung des Bundes (Statistisches Bundesamt 2009b) . With this data, the number of out-of-hospital births can be estimated based on the difference between the total numbers of births (from the vital statistics) and the number of hospital births provided by the Gesundheitsberichterstattung des Bundes. We should note, however, that this is probably the upper benchmark for the number of out-of-hospital births (Loytved 2009a: 6) . Table 5 compares the number of births in the QUAG Statistics with the calculated total number of out-of-hospital births in Germany. As can be seen from this table, coverage of the out-of-hospital births in the QUAG statistics ranges from 68 to 91 percent. This is substantially lower than the coverage for the Perinatal Statistics. However, the sample size is still high enough to give us a reasonable estimate of the age and parity distribution of out-ofhospital births. Notes: *) The number of out-of-hospital births was generated as the difference between the number of births in the vital statistics and the number of hospital births taken from the Gesundheitsberichterstattung des Bundes (Statistisches Bundesamt 2009b).
Source: BQS Perinatal Statistics and QUAG Statistics (own estimates), Statistisches Bundesamt (2009a; b) 
Age Structure of Out-of-Hospital Births
The share of out-of-hospital births is, at one to two percent of all births, rather low (see Table   5 ). However, out-of-hospital births differ from hospital births strongly by order and the age of the mother. This can be discerned from Figure 3 and Figure 4 for the year 2008. 
Estimating Order-Specific Fertility Rates from Perinatal Statistics and QUAG

Statistics (Method 2)
The differences in the age structure between hospital and out-of-hospital births raise the question of to what extent our results are affected by the omission of out-of-hospital births. In the following, we address this issue by using additional information on out-of-hospital births.
For this purpose, we have constructed a similar weighting factor as before (see Section 3).
However, instead of just using the births from the Perinatal Statistics, we also accounted for the births in the QUAG Statistics. Let In the next step, the number of births by order (i), age (a), year (t) and region (r) from the Perinatal and the QUAG Statistics are multiplied by the weights to obtain the estimated number of births: Finally, Figure 5 displays how the age pattern of births differs between the two methods in the year 2008. Here, we generated a ratio; i.e., we divided the number of births from Method 1 by the number of births from Method 2 for each age. As can be seen from the figure, differences between the two methods increase at higher ages. This is compatible with the idea that Method 2, unlike Method 1, accounts for out-of-hospital births, which are more prevalent at higher ages. However, the ratio is mostly between 0.99 and 1.01, which means that the differences in the number of births between both methods does not exceed one percent. It is only for the ages below 20 and above 40 that the differences can increase to up to two percent. 
Comparison of Estimates from Method 1 and Method 2
5
Summary and Conclusions
The main goal of this paper was to delineate how data from the German Perinatal Statistics can be used to construct a 'German Birth Order Register'. This Birth Order Register has been established by weighting the Perinatal Statistics in such a way that they match the number of births from the vital statistics. Based on these estimates and additional data on the population of females, we have generated age-and order-specific fertility rates for Eastern and Western Germany, as well as for Germany in total. In another step, we have tried to assess the size of the bias created by the fact that out-of-hospital births, which account for about two percent of all births in Germany, are not included in the Perinatal Statistics. Our sensitivity analysis has
shown that the inclusion of out-of-hospital births does not have a noticeable impact on our estimates. In particular, measures of centrality, like the mean age at childbirth or the TFR by order, are not affected by the inclusion of out-of-hospital births. Apparently, the share of outof-hospital births is too small to affect our estimates to a significant degree.
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